The accumulation of inositol 1,4,5-trisphosphate (IP3) after hormonal stimulation has a physiological role, possibly by alteration of Ca2+ levels in cardiac myocyte. However, this accumulation has not been studied under pathophysiological conditions. In this report, we examine phosphatidylinositol metabolism during cellular response to norepinephrine in pressure-overloaded hypertrophic rat heart. After stimulation with norepinephrine, the accumulations of IP3 and diacylglyceride significantly increased in isolated myocytes from stroke-prone spontaneously hypertensive rat (SHRSP) heart, indicating phosphatidylinositol-specific phospholipase C activity increased in SHRSP heart cells. Protein kinase C activity was also enhanced in SHRSP, with a marked increase in particulate activity. We determined the intracellular calcium concentration and found it to be higher in SHRSP than in Wistar-Kyoto (WKY) rats at 30-40 weeks of age. Ca2+ influx was also elevated in SHRSP stimulated by norepinephrine. In SHRSP heart, cytosolic Ca2' concentration may rise quickly in response to some stimuli, such as arl-adrenergic stimulation, which is shown to be one of the pathways that increases cytosolic Ca2+ levels in hypertrophied rat heart. These data suggest that a part of the phosphatidylinositol-turnover pathway, such as the phosphatidylinositol 4,5-bisphosphate-IP3-Ca21 pathway or the diacylglyceride-protein kinase C pathway, may play an important role in the development of hypertrophy in SHRSP heart. (Circulation Research 1993;72:966-972) KEY WORDS * phosphatidylinositide-specific phospholipase C * inositol 1,4,5-trisphosphate inositol trisphosphate kinase * inositol trisphosphate phosphatase P revious studies have raised the possibility that catecholamines may be one molecular signal that links increased circulatory demand to myocardial hypertrophy.1-3 It has recently been reported, using neonatal rat heart cell cultures, that norepinephrine (NE)-stimulated hypertrophy is mediated through a1-adrenergic receptors, and that a,-adrenergic stimulation by NE, phorbol esters, and serum induces an increase in the size of cardiac myocytes.45 Expression of proto-oncogene c-myc, which increases in growth factor-induced cell division, has also been studied in cardiac myocytes.5 NE has been shown to increase levels of c-myc-encoded mRNA 10-fold over control levels.5 This response was eliminated by a,-antagonists but was not affected by /3-adrenergic antagonists. The primary step in the function of many different hormones and neurotransmitters involves receptor-mediated stimulation of the breakdown of plasma membrane inositol phospholipids.3,6-8 This phosphatidylinositol (PI)-turnover pathway generates two second messengers, inositol 1,4,5 -trisphosphate (IP3) and snl,2-diacylglycerol (DAG).9,10 DAG stimulates membranebound, phospholipid-dependent, Ca2'-dependent protein kinase C (PKC),1" while IP3 releases Ca21 from endoplasmic reticulum stores.12,13
The primary step in the function of many different hormones and neurotransmitters involves receptor-mediated stimulation of the breakdown of plasma membrane inositol phospholipids.3,6-8 This phosphatidylinositol (PI)-turnover pathway generates two second messengers, inositol 1,4,5 -trisphosphate (IP3) and snl,2-diacylglycerol (DAG).9,10 DAG stimulates membranebound, phospholipid-dependent, Ca2'-dependent protein kinase C (PKC),1" while IP3 releases Ca21 from endoplasmic reticulum stores. 12, 13 This PI-turnover pathway may have an important role in inducing cardiac myocyte hypertrophy, even in adult rat myocytes. Recently, we showed that the PI-turnover pathway was more active in cardiomyopathic hamster heart cells than in control cells.14 Cardiomyopathic hamster heart cell develops hypertrophy without any pressure overload. Therefore, whether PI-turnover pathways increase in myocytes with a pressure overload remains to be shown. We reported earlier that basal phosphatidylinositol and polyphosphoinositide metabolism1' and 1P3 kinase activity16 increased in spontaneously hypertensive rat heart without any stimulation. The purpose of the present experiment was to study the polyphosphoinositide metabolism in pressure-overloaded hypertrophic adult rat heart subjected to a1-adrenergic stimulation. (IP4,  17 Ci/mmol), and myo [2-3H] inositol (14.6 Ci/mmol) were obtained from New England Nuclear, Boston, Mass. [5,6,8,9,11,12,14,15- 
Experimental Protocol
Experiments were conducted on male stroke-prone spontaneously hypertensive rats (SHRSP) aged 5, 10, 20, 30, and 40 weeks and age-matched male WistarKyoto (WKY) rats. Each age group comprised six animals. The left ventricle was excised from the rat heart, and blood was carefully washed out before weighing. Six experiments with cells from different hearts were used for each assay at each age. Each assay was performed in triplicate.
Cell Preparation
Cardiac myocytes of SHRSP and WKY rats were prepared in phosphate buffer (PB) according to a previously reported method,14,17 cultured in Ham F-10 medium with 10% fetal calf serum (FCS), and used within 2 hours for labeling of radioisotope. There were no differences in yield of myocytes between SHRSP and WKY rats. (We were able to prepare about 10i cells/ heart, which were 5 weeks old.) The freshly prepared cells were maintained at 37°C in a humidified 5% CO2-95% air atmosphere. 18 In this medium (0.3 mM CaCl2), more than 90% of cells were rod shaped and did not beat until the addition of NE and 1 mM CaCl2 (final concentration). The cells were lightly attached to the dishes. The viability of myocytes used for assay was determined by microscopic observation after resuspending the cells in 1.0 mM Ca'+. Myocytes glucose, and 0.5% bovine serum albumin in siliconized 25-ml Erlenmeyer flasks and gassed with 95% 02-5% CO2 at 37°C. After treatment with 10 6 M NE in 1.0 ml cell suspension in the presence of 1 1LLM metoprolol for 10 minutes, the assay solution was pelleted by centrifugation in microfuge for 3-5 seconds, the medium was removed, and cells were quickly suspended and homogenized with Teflon-glass homogenizer at 104 cell/min in a cold buffer containing 0.25 M sucrose, 20 mM HEPES, 5 mM EGTA, 5 mM dithiothreitol (DTT), 1 mg/ml fatty acid-free bovine serum albumin, and 50 ,ug/ml leupeptin (pH 7.5). The homogenate was centrifuged at 700g for 10 minutes, and the resultant supernatant was centrifuged at 9,000g for 20 minutes. The pellet obtained was washed twice with the same buffer. The supernatant was centrifuged at 105,000g for 60 minutes. The particulate fraction was resuspended in an equal volume of homogenizing buffer. Both cytosolic and particulate fractions were treated with 0.4% Triton X-100 for 1 hour on ice and then diluted with extraction buffer (1: 3) immediately before assay. PKC activities in soluble and particulate were assayed by measuring 
Other Methods
Protein was determined by the method of Lowry et a128 with bovine serum albumin as the standard.
Statistical Analysis
Six assays in triplicate were analyzed in all experiments. Results are expressed as mean+SEM. Statistical significance was estimated using the previously described method (ANOVA), takingp<0.05 as the limit of significance.29
Results

Left Ventricular Weight
At 5 weeks old, the left ventricular weight (mg/100 g body wt) of SHRSP was not different from WKY rats. The ventricular weight was found to increase with age. This weight increase was greater in SHRSP aged 10-40 weeks than in age-matched WKY rats (Figure 2 ).
Cellular Responses by NE
We determined the effects of NE on 1P3 and DAG release from [3H]myoinositol prelabeled myocytes. When myocardial cells isolated from 10-week-old SHRSP and WKY rats were incubated with the indicated concentrations of NE with 1 gM of metoprolol, PI rapidly decomposed and 1P3 was released from the myocardial cells (10`to 10`M) (Figure 3 ). In SHRSP, this 1P3 release was higher than in WKY rats for all concentrations of NE used. Figure 4 shows the time course of IP3 release induced by 10-6 M NE. A detectable 1P3 release occurred within 15 seconds and continued for 90 seconds. This point merits investigation. To determine the effect of NE on a1-adrenergic receptor-mediated myocardial cell phospholipase C activity, we also determined DAG release from the myocytes. The release of DAG from myocytes increased markedly during stimulation with NE in the presence of 1 ,uM metoprolol ( Figure 5 ). This release was higher in SHRSP than in WKY rats for all concentrations of NE used.
As shown in Figure 6 , the effect of age on 1P3 was determined. The release of 1P3 in isolated NE-stimulated cells was significantly higher in SHRSP than in WKY rats. The increase in 1P3 release in SHRSP aged It is well known that DAG stimulates PKC activity. In hypertrophic cells from SHRSP, DAG release was higher in SHRSP than in WKY rats, as described abeDve. It is possible that DAG stimulates PKC in SHRSP. We also determined PKC activity after treatment with NE and found it to be higher in SHRSP heart cells aged 5-40 weeks than in WKY rats ( Figure 7) . The PKC activity in the particulate was especially enhanced in SHRSP ( Figure 7A ). The largest rate increase for PKC activity occurred at 5-10 weeks of age. This increase is similar to that found in left ventricular weight at the same ages (Figure 2 ). The PKC activity in the cytosolic fraction was observed and found to increase with age.
However, the PKC activity was lower than that found in the particulate fraction ( Figure 7B ). determined to study whether a relation exists between intracellular Ca> and myocardial cell hypertrophy. The basal intracellular Ca> concentration without NE stimulation was higher in older SHRSP than in age-matched WKY rats. There were no significant differences in intracellular Ca' levels between SHRSP and WKY rats aged 5-20 weeks. However, SHRSP aged 30-40 weeks had significantly higher Ca' levels than those in agematched WKY rats (Figure 8 ). The influx of Ca', stimulated by 1 ,uM NE, was also determined and found to be higher in SHRSP aged 5-40 weeks than in age-matched WKY rats ( Figure 9 ). 
Discussion
